Nearly one third of undergraduates report that they have used cannabis in the past month (Suerken et al., 2016) , and approximately 25% of first-year undergraduate cannabis users meet criteria for cannabis use disorder (CUD; Caldeira, Arria, O'Grady, Vincent, & Wish, 2008) . Cannabis use among undergraduates is associated with lower grades (Bell, Wechsler, & Johnston, 1997; Buckner, Ecker, & Cohen, 2010; Goode, 1971) , difficulty concentrating, sleeping in class (Caldeira et al., 2008) , difficulties with memory (Kouri, Pope, Yurgelun-Todd, & Gruber, 1995; Shillington & Clapp, 2001) , and driving a vehicle after using cannabis, which can contribute to crash risk (McCarthy, Lynch, & Pederson, 2007; Ramaekers, Berghaus, van Laar, & Drummer, 2004) . Cannabis use can vary depending on age among college students, with nearly 5% of students increasing their use throughout college (Caldeira, O'Grady, Vincent, & Arria, 2012) . Given these problems, it remains an important research goal to better understand factors that place students at risk for cannabis use.
Social Anxiety and Cannabis
Nearly half of those with Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM-IV) cannabis dependence also meet criteria for an anxiety disorder (Stinson, Ruan, Pickering, & Grant, 2006) . Social anxiety is one type of anxiety that appears especially related to CUD. To illustrate, social anxiety disorder (SAD) co-occurred with CUD at double the rate of other anxiety disorders (Agosti, Nunes, & Levin, 2002) and adolescents with SAD are seven times more likely than those without SAD to meet criteria for CUD in early adulthood . Greater social anxiety (including elevated subclinical social anxiety) is associated with greater cannabis-related negative consequences (e.g., Buckner, Heimberg, Matthews, & Silgado, 2012; Buckner, Heimberg, & Schmidt, 2011; Buckner & Schmidt, 2009; Ecker, Richter, & Buckner, 2014) . Co-occurring SAD and CUD are related to lower educational attainment, lower income, and poorer health than either disorder alone (Buckner, Heimberg, Schneier, et al., 2012) .
Emerging evidence indicates that cognitive strategies also appear to play important roles in the relationship between social anxiety and cannabis use problems. Using cannabis to cope with negative affect is robustly related to negative consequences (Simons, Correia, Carey, & Borsari, 1998) . Social anxiety is positively correlated with using cannabis to cope with negative affect (Buckner, Bonn-Miller, Zvolensky, & Schmidt, 2007) and to cope in social situations and using in this way mediated the relation between social anxiety and cannabis-related negative consequences. However, little work has focused on social anxiety-specific cognitive aspects of social anxiety that may influence cannabis use and negative consequences among socially anxious individuals, which is important given the clinical significance and specificity of co-occurring social anxiety and CUD, as identification of such cognitive vulnerability factors could inform treatment and prevention efforts.
Postevent Processing
Social anxiety is largely influenced by biased cognitive phenomena (Clark & Wells, 1995; Heinrichs & Hofmann, 2004; Mellings & Alden, 2000; Rapee & Heimberg, 1997) . Such distortions can occur in anticipation of social situations, or after they have occurred, as is the case in postevent processing (PEP), which involves reviewing past interactions in great detail (for a review, see Brozovich & Heimberg, 2008; Clark & Wells, 1995; Rapee & Heimberg, 1997) . PEP is centered around one's beliefs about a prior social event, and engaging in PEP is related specifically to social anxiety even after accounting for symptoms of depression, suggesting that PEP is distinct from depressive rumination (Fehm, Schneider, & Hoyer, 2007) .
PEP tends to be more prevalent and more negatively valenced among socially anxious individuals than among nonsocially anxious individuals (for a review, see Brozovich & Heimberg, 2008; Kocovski, Endler, Rector, & Flett, 2005) . However, even PEP that is not explicitly negative may also be problematic among socially anxious individuals. In one experimental study, participants were randomized to a negative PEP task (i.e., recall negative memories of a social event), a positive PEP task (i.e., recall positive memories of a social event), or a neutral task (i.e., read nonemotional text; Field, Psychol, & Morgan, 2004) . Greater social anx-iety was related to experiencing more negative and shameful memories regardless of PEP type (i.e., both negative and positive PEP conditions) compared to those in the neutral condition.
Postevent Processing, Social Anxiety, and
Cannabis Use PEP may serve as a cognitive vulnerability for cannabis use and negative consequences of use among socially anxious individuals if socially anxious persons rely on cannabis in an attempt to cope with negative affectivity associated with PEP. In partial support of this, individuals with elevated social anxiety are vulnerable to using cannabis to cope with negative affect (e.g., Buckner, Heimberg, Matthews, et al., 2012; and to avoid unpleasant experiences (e.g., Buckner, Zvolensky, Farris, & Hogan, 2014) . In an experimental manipulation of PEP conducted among alcohol users, PEP was related to greater craving for alcohol among those with clinically elevated social anxiety but not those with more normative social anxiety (Potter, Galbraith, Jensen, Morrison, & Heimberg, 2016) . However, no known studies have explicitly tested whether PEP among socially anxious persons is related to cannabis use. An experimental induction, rather than self-report, would allow for more direct testing of the potential relationships between social anxiety, cannabis use, and PEP. Furthermore, prospectively examining cannabis use in response to an experimental manipulation of PEP would provide invaluable data to better understand cognitive phenomena involved in the relationship of social anxiety to cannabis. In light of the public health problems experienced by individuals with co-occurring social anxiety and cannabis use/use-related negative consequences (Buckner, Heimberg, Schneier, et al., 2012; Buckner, Joiner, Schmidt, & Zvolensky, 2012) , identifying factors that contribute to cannabis use and related negative consequences among a young, nonclinical sample can inform prevention efforts aimed to decrease the public health burden of the co-occurrence of social anxiety and cannabis.
Study Aims and Hypotheses
The current study's primary aim was to examine the role of PEP in the relationship of social anxiety to cannabis use frequency. It was hypothesized that PEP would moderate the relationship between social anxiety and change in cannabis use such that compared to a control condition, individuals engaging in experimentally induced negative PEP who endorsed greater social anxiety would report increased cannabis use frequency one week after the experimental task. Furthermore, given work that suggests positive PEP may also relate to negative affect among socially anxious persons (Field et al., 2004) , it was also hypothesized that compared to individuals in a control condition, individuals engaging in positive PEP who endorsed greater social anxiety would report greater increase in 1-week follow-up cannabis use quantity. Given that the relation between cannabis use and social anxiety differs by gender , gender was included as a covariate in analyses. Age was also included as a covariate given that cannabis use patterns are variable throughout students' college years (Caldeira et al., 2012) .
Method Participants
Participants were 191 current (past 3 months) cannabis-using undergraduates recruited through the university's psychology participant pool. The study was conducted at a large public university in a state in which cannabis remains illegal for recreational purposes. Of the 450 who consented to participate, 150 were deemed ineligible at screening due to being under the age of 18 (n ϭ 2) and denying past 3-month cannabis use at screening (n ϭ 148). Of the 300 eligible participants who started the baseline survey, 243 completed all baseline assessments and were invited to complete follow-up. The final sample (N ϭ 191) was predominantly female (see Table 1 ) and the racial/ethnic characteristics were as follows: African American: 14.1%; Hispanic Caucasian: 1.2%; non-Hispanic Caucasian: 74.2%; American Indian: 5.7%; Asian: 5.8%; multiracial: 5.2%; and other: 3.7%. No differences emerged between con-ditions on racial/ethnic characteristics ( 2 ϭ 10.30, p ϭ .590).
Measures
Screening. Participants completed the Marijuana Use Form (MUF; Buckner et al., 2007) to ensure current (i.e., past 3 month) cannabis use. Participants were asked to rate their cannabis use on a scale ranging from 0 (never) to 6 (once or more every day). The MUF has evinced convergent validity with ecological momentary assessments of cannabis use (Buckner, Crosby, Wonderlich, & Schmidt, 2012) .
Baseline. The self-report version of the Timeline Follow-Back (TLFB; Sobell, Brown, Leo, & Sobell, 1996) assessed the number of cannabis cigarettes (i.e., "joints") used on each day in the past 7 days. Participants were instructed to indicate the number of joints used each day in the past 7 days. Computeradministered versions of the TLFB have demonstrated test-retest reliability 1 month after initial completion (Sobell et al., 1996) . Number of joints used during the week were summed to create a total score.
Social anxiety was assessed with the Social Interaction Anxiety Scale (SIAS; Mattick & Clarke, 1998) . The SIAS is a 20-item self-report measure of interaction fears. Participants rated how true each item (e.g., "I find myself worrying that I won't know what to say in social situations," and "I am tense mixing in a group") is of them on a scale from 0 (not at all) to 4 (extremely). These responses are summed to create a total score. The SIAS has demonstrated test-retest reliability, adequate internal consistency (Cicchetti, 1994) , content validity, and convergent and discriminant validity across clinical, community, and student samples (Mattick & Clarke, 1998; Osman, Gutierrez, Barrios, Kopper, & Chiros, 1998) . It has demonstrated adequate internal consistency among undergraduate cannabis users (e.g., and was excellent in the current study (␣ ϭ .95).
The Marijuana Problems Scale (MPS; Stephens, Roffman, & Curtin, 2000) was used to assess cannabis-related problem severity. The MPS consists of 19 items that reflect negative consequences related to cannabis use in the past 3 months. Participants rated each problem on a scale from 0 (no problem) to 2 (serious problem). The MPS is scored dichotomously such that any level of severity indicated having experienced the given problem and responses are summed (Stephens et al., 2000) . Using this scoring strategy, the MPS has achieved adequate internal consistency in prior work (Lozano, Stephens, & Roffman, 2006) . At baseline, the MPS evidenced good internal consistency in the current study (␣ ϭ .83).
Task assessments. State anxiety was assessed before and after the task using the Subjective Units of Distress Scale (SUDS; Wolpe, 1968) . Participants rated their state anxiety on a scale ranging from 0 (totally relaxed, on the verge of sleep) to 10 (the highest anxiety you have ever experienced). This scale is positively correlated with longer measures of state anxiety among cannabis users (Buckner, Crosby, et al., 2012) . This measure was used in a manipulation Note. PEP ϭ postevent processing.
check to determine if state anxiety differed after the task between conditions. Follow-up. Follow-up occurred 1 week after baseline. A 1-week TLFB was administered to assess past-week cannabis use. Change in cannabis use was calculated by subtracting baseline cannabis use from follow-up cannabis use.
Experimental Conditions
Participants were randomly assigned to one of three conditions, a negative PEP condition, a positive PEP condition, and a control condition, adapted from Field et al. (2004) . Specifically, the task instructions were modified to facilitate completion online (i.e., writing text in text boxes) and the control condition was changed from reading text to writing about a topic to maintain consistency between the conditions (i.e., writing about a past experience in each condition). In each condition, participants read instructions online asking them to think of a social event in the past week. In the negative PEP condition (n ϭ 63), participants were instructed to write in detail about a recent social event, with a focus on the negative aspects of their performance or other's reactions to them during the event. In the positive PEP condition (n ϭ 71), participants were asked to write in detail about a recent social situation, focusing on positive aspects of their performance or others' reactions to them during the event. In the control condition (n ϭ 57), participants were asked to write about a topic about which they learned in class in the past week. In all conditions, participants were asked to write at least 10 lines of text.
Procedures
The study was administered using www .surveymonkey.com, a secure, online datacollection site. Participants first provided informed consent to participate in the study. Eligible participants completed baseline measures and pretask rating of anxiety, and were then randomized to one of three conditions (a negative PEP condition, a positive PEP condition, and a control group). Participants completed the task and posttask rating of anxiety, and were sent an e-mail 1 week later to complete brief follow-up measures. Participants were provided a written debriefing of the study and awarded research credit points for their psychology classes to fulfill extracredit or research participation course requirements. Given that it was hypothesized that the experimental manipulation would result in increased cannabis use for some participants, all participants received information about campus-affiliated alcohol, drug, and mental health treatment upon completion of the study. The study was approved by the university's institutional review board prior to data collection and a certificate of confidentiality was obtained from the National Institutes of Health to protect confidentiality.
Results
Means and standard deviations of demographic, anxiety, and cannabis use variables by condition are presented in Table 1 . Analyses of variance and chi-squared analyses were used to test differences between conditions on study variables (see Table 1 ). Gender was not related to cannabis use at baseline, F(1, 189) ϭ 0.23, p ϭ .631, d ϭ 0.07, or at follow-up, F(1, 189) ϭ 0.36, p ϭ .549, d ϭ 0.09. Age was significantly, positively related to cannabis use at baseline (b ϭ 0.54, t ϭ 2.82, p ϭ .005) and at follow-up (b ϭ 1.02, t ϭ 4.13, p Ͻ .001). Over half (57.6%) of the current sample endorsed two or more negative consequences of cannabis use, in line with the DSM-5 requirement of at least two cannabis problems for a CUD diagnosis. Mean social anxiety was 19.95 (SD ϭ 12.62), which is consistent with prior samples of cannabis-using undergraduates . Using a clinical cut off score of 34 (Heimberg, Mueller, Holt, Hope, & Liebowitz, 1992) , 12.7% of the sample endorsed clinical levels of social anxiety.
Next, relationships between social anxiety and cannabis use measures were examined using single linear regression. Social anxiety was not significantly associated with baseline cannabis use (b ϭ 0.02, t ϭ 0.70, p ϭ .488). Social anxiety also did not significantly predict follow-up cannabis use (b ϭ 0.02, t ϭ 0.58, p ϭ .564) or change in cannabis use (b ϭ 0.00, t ϭ 0.78, p ϭ .938).
We next tested the interactive effect of trait social anxiety and the experimental manipulation on state anxiety. Multiple regression was conducted using a dummy-coding strategy for the condition variable (Hayes & Montoya, 2017) . The control condition was chosen as the reference condition. Two dummy-coded variables were calcu-lated, one testing the negative condition (i.e., negative PEP condition ϭ 1, control ϭ 0) and another testing the positive condition (i.e., positive PEP condition ϭ 1, control ϭ 0). Interaction terms were computed for both Social Anxiety ϫ Negative PEP and Social Anxiety ϫ Positive PEP. In all multiple regression models, social anxiety was centered to reduce multicollinearity. A moderation model was run in PROCESS (Hayes, 2013) , a statistical syntax for SPSS (IBM Corp., 2013) for conditional process analyses. PROCESS calculated the full regression model including main effects and interactions in the prediction of change in state anxiety (i.e., posttask state anxiety-pretask state anxiety). The overall model was significant, R 2 ϭ 0.06, F(5, 185) ϭ 1.87, p ϭ .031. Main effects were not significant for social anxiety (b ϭ 0.01, t ϭ 0.92, p ϭ .360) or the negative task (b ϭ 0.02, t ϭ 0.10, p ϭ .922). A significant main effect was observed for the positive task (b ϭ Ϫ0.47, t ϭ Ϫ2.38, p ϭ .018). The interaction between social anxiety and the negative task did not predict change in state anxiety (b ϭ Ϫ0.004, t ϭ Ϫ0.28, p ϭ .785), nor did the interaction between social anxiety and the positive task (b ϭ 0.14, t ϭ 0.93, p ϭ .356). These findings suggest that the task did not interact with social anxiety to predict change in state anxiety.
A similar strategy was used to test whether condition moderated the relation of social anxiety and change in cannabis use. First, a model including only the covariates (i.e., age and gender) and main effects was run to test whether main effects were robustly related to follow-up cannabis use. This test was not significant, R 2 ϭ 0.05, F(5, 185) ϭ 1.87, p ϭ .101, and main effects were not significantly related to cannabis use (see Table 2 ). Next, the full model was run, including all covariates, main effects, and interactions (see Table 3 ). The full model accounted for significant variance, R 2 ϭ 0.08, F(7, 183) ϭ 2.29, p ϭ .029. Table 3 provides regression statistics for each predictor in the model. The main effect of negative PEP was qualified by significant interaction between social anxiety and negative PEP. The program then calculated the incremental variance accounted for by the interactions, and the interactions accounted for significant variance above and beyond covariates and main effects, ⌬R 2 ϭ 0.03, F(2, 183) ϭ 3.23, p ϭ .042.
The effects of the negative and positive tasks were probed per Hayes (2013) , in which significant effects of the particular condition (i.e., negative or positive PEP) are indicated by the significance test of the regression coefficient for each interaction, and a significant coefficient value would indicate that the relationship between social anxiety and change in cannabis use is significantly impacted by the condition. The effect of the negative task was significant (see Table 3 ), suggesting that social anxiety is differentially related to change in cannabis use in the negative PEP condition relative to the other conditions. The relationship between social anxiety and change in cannabis use in the positive PEP task was not significant (see Table 3 ).
Social anxiety's effect on change in cannabis use quantity was plotted by condition at 1 SD below and above the mean of SIAS score to facilitate interpretation of the interactions (see Figure 1) . Finally, the interaction was probed by testing the significance of the simple slopes of each condition (Hayes & Montoya, 2017) . The simple slopes were not significant for the negative PEP condition (b ϭ 0.07, t ϭ 1.83, p ϭ .068), the positive PEP condition (b ϭ 0.00, t ϭ .01, p ϭ .994), or the control condition (b ϭ Ϫ0.06, t ϭ 1.76, p ϭ .079), suggesting that social anxiety did not predict change in cannabis use in the three conditions individually.
Discussion
The results of the current study shed light on a potential mechanism of the social anxiety and cannabis relationship. First, this study was the first known study of the effect of experimentally manipulated PEP on self-reported cannabis use. Findings of the current study suggest that experimen- Note. CI ϭ confidence interval; LLCI ϭ lower limit of confidence interval; ULCI ϭ upper limit of confidence interval; PEP ϭ postevent processing.
tally induced PEP interacts with social anxiety to predict greater increase in cannabis use among those engaging in negative PEP relative to the other tasks among college students, a group especially vulnerable to cannabis-related negative consequences (Buckner et al., 2010) . Specifically, social anxiety's impact on increase in cannabis use frequency significantly differed between the negative task and the other tasks, and the direction of the relationship was positive among those in the negative PEP condition, but the direction of the relationship was negative among those in the control task. Taken together, these findings suggest that among socially anxious cannabis users, engaging in negative PEP may be related to increased cannabis use frequency. The current finding extends prior work that has found social anxiety-provoking tasks relate to increased cannabis craving among individuals with elevated social anxiety (Buckner, Zvolensky, Ecker, & Jeffries, 2016) . In particular, the current study's prospective examination of cannabis use improves our understanding of social anxiety and PEP's impact on cannabis use, enhancing potential for translation into prevention and treatment.
The findings of the current study have important treatment implications. PEP has been found to be malleable through psychotherapeutic intervention. Among individuals with SAD enrolled in group cognitive behavior therapy (CBT) for social anxiety, engagement in PEP reduced, and this reduction in PEP was related to reductions in symptoms of SAD (Hedman et al., 2013) . In light of the current study's finding that negative PEP interacts synergistically with social anxiety to predict later cannabis use and given CBT's direct effect on PEP, interventions that target cooccurring social anxiety and cannabis use may benefit from inclusion of elements such as cognitive restructuring that focus explicitly on negative PEP. Integrated treatments of co-occurring anxiety and CUD are a growing area of work that show some promise for the simultaneous treatment of both disorders may be optimal for delivering such targeted cognitive restructuring.
It is noteworthy that the manipulation did not interact with trait social anxiety to predict increased state anxiety immediately following the task. It may be that experimentally induced PEP in the current study did not increase state anxiety after the task, even for those with elevated social anxiety. However, we did not evaluate the study's induced PEP's impact on PEP engagement or state anxiety throughout the week. We measured Note. CI ϭ confidence interval; LLCI ϭ lower limit of confidence interval. ULCI ϭ upper limit of confidence interval; PEP ϭ postevent processing. state anxiety immediately after the task, but prior work has found PEP to increase negative affect over a longer time course (i.e., 24 hr; Kashdan & Roberts, 2007) . Interestingly, the positive PEP condition did not interact with social anxiety to predict change in cannabis use quantity relative to the other conditions. Prior work suggests that among socially anxious individuals, being asked to engage in positive PEP can paradoxically induce negatively valenced memories and negative affective states among those with greater social anxiety (Field et al., 2004) . However, in the current study, it appears that positive PEP does not impact cannabis use among those with greater social anxiety. This distinction between PEP types may be important for treatment approaches such that positive PEP may be de-emphasized, with more focus on addressing negative PEP. Yet, given that Field et al. (2004) used a sample of individuals with SAD, future work may benefit from replication with clinical samples.
Several limitations of the current study warrant consideration. First, the sample was comprised of an undergraduate sample, and an important next step will be to test these hypotheses using a more diverse sample. Second, future work testing the impact of spontaneous, real-life PEP on cannabis use among users with and without elevated social anxiety will be an important next step. Third, future work should aim to determine if experimentally induced PEP impacts such negative consequences in addition to cannabis use. Fourth, given that there is wide variation in measurement of joints (e.g., size, concentration of active ingredients), the operational definition of cannabis use in the current study may reflect such variation, and future work is needed to further refine the measurement of cannabis use. Also, given the changing legal landscape of cannabis, evaluation of the relationships among social anxiety, PEP, and cannabis use in a population among samples from jurisdictions with varying cannabis laws would be beneficial in future work. Fifth, the current study did not include assessment of anxiety or negative affect at follow-up, and future work should include such measurement to test whether negative PEP increased longer-term state anxiety or negative affect, which increased cannabis use. Sixth, the current sample was not recruited for clinical levels of social anxiety or CUD; an important next step will be to test whether observed relations generalize to those with SAD and/or CUD.
Despite these limitations, results of the current study suggest that negative PEP may be related to increased cannabis use quantity among individuals with greater social anxiety. PEP may therefore be a cognitive phenomenon that can be addressed in treatment of cooccurring SAD/CUD with the aim of reducing cannabis use and social anxiety.
